
ODFM ^OMBrF- "RESOURCES THAT CAW BE USED, REDISTRIBUTED OR REWRITTEW FREE OF CHARGE. 
1 ^ K OFTEW SOFTWARE OR HARDWARE." 


ELECTRONICS- 


"TECHWOLOGy WHICH AWAKES USE OF THE COWTROLLED MOTIOW OF ELECTROWS 

THROUGH DIFFEREWT MEDIA." 


PROTOTYPE- "AW ORIGIWAL FORM THAT CAW SERVE AS A BASIS OR STAWDARD FOR OTHER TUIWGS." 


PLATFORM- 


"HARDWARE ARCHITECTURE WITH SOFTWARE FRAMEWORK OW WHICH OTHER SOFTWARE 

CAW RUW." 
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AM ARDUIMO 15 A MICROCHIP, WI4ICI4 15 A VERy 5MALL COMPUTER THAT yOU CAM PROGRAM TO RE5P0MD TO 
TUIMG5. IT CAM MEA5URE C0MDITI0M5 (LIKE HOW MUCH LIGHT THERE 15 IM THE ROOM). IT CAM COMTROL 
HOW OTHER 0D0ECT5 REACT TO TH05E C0MDITI0M5 (ROOM GET5 DARK AMD AM LED TURM5 OM). 


ON) 


OFF 




OR IT CAM RE5P0MD TO 50METUIMG A5 
5IMPLE A5 THE PRE55 OF A 5WITCH. 


A M0U5E 15 A COMMOM 

input Device 

FOR A DE5KT0P COMPUTER, 
A MOMITOR 15 A COMMOM 

output Device. 



MICR0C0MTR0LLER5 U5E INPUT5 AMD OUTPUTS LIKE AMy 
COMPUTER. IMPUT5 CAPTURE IMFORMATIOM FROM THE U5ER 
OR THE EMVIROMMEMT WHILE 0UTPUT5 DO 50METHIMG WITH 
THE IMFORMATIOM THAT UA5 DEEM CAPTURED. 































































A 5WITCI4 OR A 5EM50R COULD DE AM IMPUT 
IMTO THE ARDUIMO. 


MOMEMTARy 5WITC14 


FORCE 

5EN5ITIVE 

RE5I5IT0R 


WHAT5 TUE 
DIFFEREMCE DETWEEM 
DIGITAL AMD AMALOG 
IMPUT5 AMD 
0UTPUT5? 


IMPUT5 AMD OUTPUTS CAM DE DIGITAL OR ANALOG. 
DIGITAL IMFORMATIOM 15 DIMARy- IT 15 EITI4ER TRUE 
OR FAL5E. AMALOG IMFORMATIOM 15 C0MTIMU0U5, IT 
CAM I40LD A RAMGE OF VALUE5. 




V, 


DC MOTOR 



AMy ODOECT WE WAMT TO TURM OM AMD OFF AMD 
COMTROL COULD DE AM OUTPUT. IT COULD DE A 
MOTOR OR EVEM A COMPUTER. 


DIGITAL INFORMATION' 
15 DISCRETE AMD 
FINITE. ALL 
IMFORMATIOM 15 
DE5CRIDED IM TWO 
STATES, 1 OR 0, 

ON OR OFF. 



ANALOG INFORMATION 
/ 15 CHARACTERISED 

/ Dy IT5 CONTINUOUS 
MATURE. IT CAM HAVE AM 
\ INFINITE MUMDER 
\ OF P055IDLE 
| VALUE5. 


A 5WITCH 15 A DIGITAL IMPUT, A 5EM50R 15 AM 
AMALOG IMPUT. THE RAMGE OF AM AMALOG 5EM50R 
15 LIMITED Dy IT5 C0MVER5I0M TO DIGITAL DATA. 































BEFORE WE PLUG IN TUE ARDUINO, 
WE WILL REVIEW A FEW TERMS 
AND PRINCIPLES THAT HAVE TO 
DO WITH HOW ELECTRICITY (AND 
THEREFORE ELECTRONICS) WORKS. 


VOLTAGE (V) 

IS A MEASURE 
OF ELECTRICAL 
POTENTIAL. 

IT IS MEASURED 
IN VOLTS. 



CURRENT (I) 
IS THE AMOUNT 
OF FLOW 
THROUGH A 
CONDUCTIVE 
MATERIAL. 

IT IS MEASURED 
IN AMPERES 
OR AMPS. 


RESISTANCE (R) 
IS A MATERIAL'S 
OPPOSITION TO 
THE FLOW OF 
ELECTRIC 
CURRENT. 

IT IS MEASURED 
IN OHMS. 


ELECTRICITY IS THE FLOW OF ENERGY THROUGH A CONDUCTIVE MATERIAL. 
























OHM'S LAW 

CURRENT = VOLTAGE/RESISTANCE 
(I = V/R) 

OR 

RESISTANCE = VOLTAGE/CURRENT 
(R = V/l) 

OR 

VOLTAGE = RESISTANCE * CURRENT 
(V = R*l) 


THERE IS A RELATIONSHIP BETWEEN VOLTAGE, 
CURRENT AND RESISTANCE, DISCOVERED W GEORG 
OHM, A GERMAN PHySICIST. 



NOW LET'S LOOK AT A SIMPLE CIRCUIT. EVERy 
CIRCUIT IS A CLOSED LOOP THAT HAS AN ENERGY 
SOURCE (DATTERy) AND A LOAO (LAMP). THE LOAD 
CONVERTS THE ELECRICAL ENERGy OF THE DATTERy 
AND USES IT UP. THIS ONE HAS A SWITCH TOO. 



FOR EXAMPLE, INCREASE 
THE RESISTANCE, LESS 
FLOW. 



OR INCREASE THE 
POTENTIAL, MORE FLOW. 



THIS IS A SCHEMATIC OF THE SAME CIRCUIT (IT 
REPRESENTS THE CIRCUIT USING SyMDOLS FOR THE 
ELECTRONIC COMPONENTS). WHEN THE SWITCH IS 
CLOSED, CURRENT FLOWS FROM THE POWER 
SOURCE AND LIGHTS THE LAMP. 
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Direct Current 
(DC) 


© 


Alternating Current 
(AC) 


◄-I 




• I 


THERE ARE TWO COMMON T/PES OF CIRCUITS, 
DIRECT CURRENT AND ALTERNATING CURRENT 
IN A DC CIRCUIT, THE CURRENT ALWAyS FLOWS IN 
ONE DIRECTION. IN AC, THE CURRENT FLOWS IN 
OPPOSITE DIRECTIONS IN REGULAR cyCLES. WE WIL 
ONLy TALK ADOUT DC CIRCUITS HERE. 



ATTACHING THE ARDUINO TO A COMPUTER WITH 
A USD CADLE WILL SUPPLy THE S VOLTS OF POWER 
WE NEED AND ALLOW US TO START PROGRAMMING. 


NOW THAT WE'VE REVIEWED SOME 
DASICS OF HOW ELECTRICITy . 
WORKS, LET'S GET DACK TO 


DIGITAL (PWM~ 



THE ARDUINO WILL NEED POWER TO RUN. WE WILL 
NEED TO ATTACH IT TO A COMPUTER TO PROGRAM IT. 


I 


GO Z 

adhiiinO 

DOWNLOAD HERE: 

HTTP://ARDUIK)0.CC/EK)/MAIK)/50FTVVARE 


yoU'LL HAVE TO DOWNLOAD AND INSTALL SOFTWARE 
TO PROGRAM THE ARDUINO. IT IS AVAILABLE FROM 
THE URL ADOVE FREE OF CHARGE. THE ARDUINO 
SOFTWARE RUNS ON THE MAC OS X, WINDOWS AND 
LINUX PLATFORMS. 


























































FOR INSTRUCTIONS ON HOW TO INSTALL 
ARDUINO SOFTWARE ON A MAC: 

UTTP://WWW.ARDUIK)O.CC/EK)/<3UIDE/MACOSX 

FOR INSTRUCTIONS ON HOW TO INSTALL 
ON WINDOWS: 

HTTP://WWW.ARDUIK)O.CC/EN/<3UIDE/WINDOW5 

FOR INSTRUCTIONS ON HOW TO INSTALL 
ON LINUX: 

HTTP://WWW.ARDUIK)O.CC/PLAy(3ROUK)D/LEARK)IK)(3/LIK)UX 


<30 TO THE URLS ADOVE FOR DETAILED INSTRUCTIONS ON 
INSTALLING THE SOFTWARE ON THESE PLATFORMS. 
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ARDUINO 
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1 WHEN you HAVE INSTALLED THE SOFTWARE, 1 
CONNECT THE ARDUINO. AN LED MARKED Oh) 

\ SHOULD LIGHT UP ON THE DOARD. 

J 



Auto Fo'mH 
Arthtife 5kei< h 
Fw tncod ng 4 Reloid 
**rial Monitor OKM 



✓ Ardulno Uno 

Ardulno Duemllanove or Nano • . 

Ardulno Oieomtla Duem.lanove or Nano vd meg 
Ardu no Mega 2560 
Ard lino MftQi (ATmfQiUBO) 

Arduono MW 
Ardulno F»o 

Ardu ro 6T m/ ATmefl»328 
Ardulno 6T *< ATmegal6» 

UlyFjd Ardulfiowi/ ATmegai » 

Ardu no Fro or fro ^ fctL> f w,, ATfWfQ Uul 


LAUNCH THE ARDUINO SOFTWARE. IN THE TOOLS MENU, 
SELECT THE DOARD you ARE USING CT00L5 > DOARD). 
FOR EXAMPLE, ARDUINO UNO. 


Help 

Auto Fomar kj 

Archive Sketch 
Fix Encoding & Reload 
Serial Monitor 0 3€M 



V /dev/iry.usbmodemfdni 
/d •v / oj . u j b m o de rr»fd 131 

/devytrv.Nokia3SS5b-NokiaPC5uiie-2 
<div/cu.Vokia3555b-NokiaPC5dii^ 2 
/d(i>/ tty. Nok»3 5 5 5b- Dal-upn* n»o- 3 
/dev/cu.Nokn3555b-Dial-unr«two-3 
/dev/tty. Bluetooth-Modem 


NEXT SELECT THE SERIAL PORT. 

(TOOLS > SERIAL PORT) ON A MAC IT WILL DE 
SOMETHING LIKE /DEV/TTV.USmODEM. ON A 
WINDOWS MACHINE, IT WILL DE COM3 OR SOMETHING 
LIKE THAT. 








































WUEN you DOWNLOADED THE 
ARDUINO SOFTWARE, yOU 
DOWNLOADED AN IDE. IT COMBINES 
A TEXT EDITOR WITH A COMPILER 
AND OTHER FEATURES TO HELP 
PROGRAMMERS DEVELOP SOFTWARE. 


Aid ui no 


S3 Fdit Sketch Tools Help 

New XN 

°P* n - MO 

Sketchbook » 


Examples 


Close XW 

^ MS 

Save As... OKS 

Upload to I/O Board MU 


Page Setup 
Print 


MP 


1 Basics 


2. Digital 

3. Analog 
^Communication 
5.Control 

6.Sensors 
7.Displa^ 

<8.Strings 


AnalogReai 

BareMmimt 


DigitalReac 
Fade 


► 

► 


_ ArduinolSP _ 

THE ARDUINO IDE ALLOWS yOU TO WRITE 6KETCUE6, OR PROGRAMS 
AND UPLOAD THEM TO THE ARDUINO DOARD. OPEN THE PUNK EXAMPLE 
IN THE FILE MENU. FILE > EXAMPLE5 > 1.DA5IC5 > DUNK. 


©@ 



int ledPin = IB; 



void setupO { UPLOAD DUTTON 

pinMode(ledPin, OUTPUT); 

} 



u**Ld r_ 

TO UPLOAD THE SKETCH TO THE ARDUINO DOARD, 
CLICK THE UPLOAD DUTTON ON THE STRIP OF 
DUTTONS AT THE TOP OF THE WINDOW. SOME 
MESSAGES WILL APPEAR IN THE DOTTOM OF THE 
WINDOW, FINALLy DONE UPLOADING. 


rx ■■ 11 ARDUINO 

_ \m 


THE LED AT PIN 13 ON THE ARDUINO STARTS DUNKING. 







































void setupO { 

// initialize the digital pin as an output. 

// Pin 13 has LED connected on most Arduino boards 
pinMode(13, OUTPUT); 

} 

void loop() { 

digitalWrite(13, HIGH); 
delay(1000); 
digitalWrite(13, LOW); 
delay(1000); 

} 


// set the LED on 
// wait for a second 
// set the LED off 
// wait for a second 


A SKETCU, LIKE A PROGRAM WRITEN IN AK)y 
LANGUAGE, IS A SET OF INSTRUCTIONS FOR TUE 
COMPUTER. IF WE LOOK CLOSELy AT TUE DUNK 
SKETCU, WE SEE TUERE ARE 2 MA^OR PARTS, 
SETUP AND LOOP. 


UTTPV/ARDUINO.CC/EN/REFERENCE/UOMEPAGE 



CI4ECK OUT TUE ARDUINO WEDSITE FOR TUE 
ARDUINO REFERENCE GUIDE AND MANy OTUER 
RE50URCE5 TO LEARN TUE LANGUAGE. 


5ETUP: UAPPENS ONE TIME WUEN 
PROGRAM 5TARTS TO RUN 


LOOP: REPEAT5 OVER AND 
OVER AGAIN 


TUESE ARE DOTU DLOCKS OF CODE CALLED 
FUNCTIONS TUAT EVERy SKETCU WILL UAVE. TUEy 
ARE DLOCKED OUT Dy CURLy DRACES { }. 


void setupO { 

//DECLARES DLOCK OF CODE 

pinModeC13, OUTPUT); //SETS PIN 13 TO OUTPUT 

} 

//END DLOCK OF CODE 

void loopO { 

//DECLARES DLOCK OF CODE 

digitalWrite(13, 

HIGH) ; //SETS PIN 13 UIGU 

delay(1000); 

//PAUSE 1 SECOND 

digitalWrite(13, 

LOW) ; //SETS PIN 13 LOW 

delay(1000); 

//PAUSE 1 SECOND 

} 

//END DLOCK OF CODE 

FOR NOW, LET'S LOOK AT TUIS SIMPLE SCRIPT LINE 
Dy LINE $ SEE WUAT EACU LINE DOES. 



























HOW DO WE CONTROL OD^ECTS TUAT ARE NOT ON 
TUE ARDUINO DOARD? WE WILL CONNECT THE ARDUINO 
TO A 60LDERLE55 DREADDOARD. THIS WILL ALLOW 
US TO QUICKLY SET UP AND TEST CIRCUITS. 



WE WILL CONNECT POWER AND GROUND PROM THE 
ARDUINO DOARD TO THE VERTICALLY CONNECTED 
STRIPS ON THE LEFT AND RIGHT WITH 22 GAUGE 
WIRE. OTHER COMPONENTS CAN DE ATTACHED TO 
THE HOLES IN THE MIDDLE AND TO POWER AND 
GROUND AS NEEDED. 



y.y.i :::: 

HOLE5 CONNECTED 
HORIZONTALLY 

HOLE5 CONNECTED 
VERTICALLY 


THIS DREADDOARD HAS 2 ROWS OF HOLES RUNNING 
DOWN THE LEFT AND RIGHT SIDE, AND S ROWS OF 
HOLES ON EITHER SIDE OF A MIDDLE INDENTATION. 
THE SIDE ROWS ARE CONNECTED VERTICALLY, 
EACH ROW OF S HOLES IN THE MIDDLE ARE 
CONNECTED HORIZONTALLY. 


ANODE 
(C0NNECT5 
TO POWER) 



CATUODE 
(CONNECTS 
TO GROUND) 


WHEN CURRENT FLOWS THROUGH A LED (LIGHT 
EMITTING DIODE) IN THE RIGHT DIRECTION, IT 
LIGHTS UP. WE'LL ATTACH AN LED TO THE 
DREADDOARD, THEN TO THE ARDUINO SO WE CAN 
CONTROL IT WITH CODE. 





























































THE ANODE IS CONNECTED TO PIN 2 ON THE ARDUINO THROUGH 
A 220 OHM RE5I5TOR. THE CATUODE 15 CONNECTED TO 
GROUND. PINS 2 THROUGH 13 CAN DE CONFIGURED AS DIGITAL 
INPUTS OR OUTPUTS. CLICK NEW DUTTON TO START A SKETCH. 


void setupC) { 

pinMode(2, OUTPUT); 

} 

void loopC) { 

digitalWrite(2, HIGH); 
delay(500); 
digitalWrite(2, LOW); 
delay(500); 

} - 


IN 5ETUP, WE SET PIN 2 TO DE AN 
OUTPUT. IN LOOP, FIRST WE SET PIN 2 
HIGH WHICH LIGHTS THE LED. DELAY 
PAUSES 500 MILLISECONDS, OR HALF A 
SECOND. WHEN PIN 2 IS SET LOW, THE 
LED GOES OFF, WE PAUSE ANOTHER HALF 
SECOND. 


E 


© [5] 2] BS 0 ES veEif y 


X 


VERIFY DUTTON 


®© [dHSEE 




Upload 


UPLOAD DUTTON 


CLICK VERIFY ON THE MENU TO CHECK YOUR CODE. IF 
THERE AREN'T ANY ERRORS, CLICK UPLOAD TO PUT 
YOUR PROGRAM ON THE ARDUINO. 



THE LED DUNKS ON FOR HALF A SECOND, THEN 
DUNKS OFF FOR HALF A SECOND, OVER AND OVER 
AGAIN. 










































































CONNECT ONE END OF A MOMENTARy SWITCH TO PIN 4 ON THE 
ARDUINO, WITH A 10K RESISTOR CONNECTED TO GROUND 
ATTACHED TO THE SAME END. ATTACH THE OTHER END TO 
POWER. WE WILL LEAVE THE LED ATTACHED TO THE SAME PIN. 


void setupC) { 

pinMode(2, OUTPUT); 
pinMode(4, INPUT); 

} 

void "LoopO { 

if(digitalRead(4)){ 

digitalWrite(2, HIGH); 
}else{ 

digitalWrite(2, LOW); 

} 

} 


NEXT WE'LL WRITE THE CODE. IN SETUP, WE DECLARE 
PIN 2 AN OUTPUT AND PIN 4 AN INPUT. IN LOOP, WE 
USE AN IF STATEMENT, IF WE READ PIN 4 AS HIGH, WE 
SET THE LED PIN TO HIGH, OTHERWISE WE SET THE 
LED PIN TO LOW, TURNING IT OFF. 







THE LED LIGHTS WHEN THE SWITCH IS HELD DOWN. 


































































a potentiometer, or pot, is a 

VARIABLE RESISTOR. THE AMOUNT J 
OF RESISTANCE CHANCES AS IT, 
IS TURNED, INCREASING OR 
DECREASING DEPENDING ON 
WHICH DIRECTION IT IS 
TURNED. 





NOW WE WILL SET UP AN ANALOG INPUT. | 
WE'LL USE A POTENTIOMETER. 


ATTACH THE MIDDLE PIN ON THE POTENTIOMETER TO ANALOG PIN 
AO. ATTACH ONE END OF THE POT TO POWER, THE OTHER TO 
GROUND. 


void setupQ { 

Serial. begin(9600) ; 

} 

void loop() { 

Serial. println(analogRead(A0)) ; 

} 


FIRST WE WILL LOOK AT THE RANGE OF VALUES WE 
GET Dy TURNING THE POT USING THE SERIAL 
MONITOR. IN OUR CODE, WE INITIALISE THE SERIAL 
OD^ECT IN SETUP, SETTING A DAUD RATE OF 9600. 
IN LOOP, WE READ THE VALUE FROM ANALOG PIN AO 
AND PRINT IT TO THE SERIAL ODOECT USING THE 
PRINTU) FUNCTION, 


®® [CL iL JL Q Serial Monitor 


r\ r\ r\ 


12a 

129 

130 

131 

131 

132 

133 



/dev/tty.'Usbmodemfal41 


CLICK TO OPEN 
5ERIAL WINDOW 


AFTER yOU HAVE UPLOADED THE SCRIPT TO THE 
ARDUINO, CLICK THE SERIAL MONITOR DUTTON IN 
ORDER TO SEE THE VALUES AS yOU TURN THE POT. 
A WINDOW WILL OPEN, AND yOU WILL SEE VALUES 
RANGING FROM 0 TO 1024 AS THE POT IS TURNED. 










































































LET'S USE TUE CHANGING VALUED WE RECEIVE FROM TUE POT 
A5 A DIMMER TO LIGHT AW LED. PUT THE LED DACK IWTO THE 
DOARD, ATTACHED TO THE ARDUIWO AT PIW 3. 


0% Duty Cycle - analogWrite(O) 


5V 

OV 

5V 

OV 

5V 

OV 


50% Duty Cycle - analogWrite(127) 

nLTLTLTLrU 

100% Duty Cycle - analogWrite(255) 


WE'LL USE PULSE WIDTU MODULATION 
(PWM). THIS IS A METHOD OF SIMULATING 
AN ANALOG VALUE W MANIPULATING THE 
VOLTAGE, TURNING IT ON AND OFF AT 
DIFFERENT RATES, OR DUTY CYCLES. YOU 
CAN USE PWM WITH PINS 3, S, 6, 9, 10, 
AND 11. 


int sensorValue = 0; 

void setupO { 

pinMode(3, OUTPUT); 

} 

void loopO { 

sensorValue = analogRead(A0); 
analogWrite(3, sensorValue/4); 

} 


FIRST WE CREATE A VARIABLE TO STORE THE VALUE 
OF THE POT. IN SETUP WE MAKE PIN 3 AN OUTPUT. 

IN LOOP, WE STORE THE VALUE WE HAVE READ FROM 
PIN AO IN OUR VARIABLE. THEN WE WRITE THE VALUE 
TO PIN 3, OUR LED PIN. WE HAVE TO DIVIDE THE 
VARIABLE Dy 4, SO WE WILL HAVE A RANGE OF VALUES 
FROM 0 TO 2SS, OR A DYTE. 








































































TUTORIALS 

ARDUINO SITE TUTORIALS 

HTTP://WWW.ARDUItOO.CC/eK)/TUTORIAL/UOMEPA<3E 
LADy ADA 

UTTP://WWW.LADyADA.WET/LEARK)/ARDUIK)0/ 
INSTRUCTABLES 

UTTP://WWW.INSTRUCTABLES.COM/TAG/TYPE-ID/ 
CATEGORy-TECUWOLOGy/CHAWWEL-ARDUIWO/ 

BOOKS 

GETTING STARTED WITU ARDUINO By MASSIMO BANEI 
MAKING THINGS TALK: USING SENSORS, NETWORKS, AMD 
ARDUINO TO SEE, UEAR, AND FEEL yOUR WORLD By 
TOM IGOE 

PHySICAL COMPUTING: SENSING AND CONTROLLING 
THE PHySICAL WORLD WITH COMPUTERS By DAN 
O'SULLIVAN £ TOM IGOE 
ARDUINO COOKBOOK By MICHAEL MARGOLIS 


LINKS 

SOFTWARE 

SOFTWARE DOWNLOAD 

HTTP://WWW.ARDUINO.CC/EN/MAIN/SOFTWARE 
LANGUAGE REFERENCE 

HTTP://ARDUINO.CC/EN/REFERENCE/HOMEPAGE 

SUPPLIES 

SPARKFUN ELECTRONICS 

http://www.sparkfun.com/ 

ADAFRUIT INDUSTRIES 
HTTP://ADAFRUIT.COM/ 

MAKER SHED 

http://WWW.AWKERSHED.COM/ 

OAMECO ELECTRONICS 

http://WWW.OAMECO.COM/ 


ALL text and DRAWINGS By JOOy CCILKIM 
FOR MORE, CHECK OUT OODyCULKIN.COM 


SPECIAL TUANK5 TO TOM IGOE, MARIANNE PETIT, CALVIN 
REID, TUE FACULTY AND STAFF OF THE INTERACTIVE 
TELECOMMUNICATIONS PROGRAM AT NyU, PARTICULARLy 
DAN O'SULLIVAN, DANNy R02IN AND RED BURNS. THANKS 
TO CINDy KARASEK, CHRIS STEIN, 5ARAH TEITLER, KATHy 
GONCHAROV $ 2ANNAH MARSH. 

MANy, MANy THANKS TO THE ARDUINO TEAM FOR BRINGING 
US THIS ROBUST AND FLEXIBLE OPEN SOURCE PLATFORM. 

AND THANKS TO THE LIVELY ACTIVE AND EVER GROWING 
ARDUINO COMMUNITy. 


INTRODUCTION TO ARDUINO Dy ^ODy CULKIN 
IS LICENSED UNDER A CREATIVE COMMONS 
ATTRIDUTION-NONCOMMERCIAL-SUAREALIKE 3.0 
UNPORTED LICENSE. 
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